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1. 

MOTOR CONTROL DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a National Stage of International Appli 
cation No. PCT/JP2012/064.475 filed Jun. 5, 2012, the con 
tents of all of which are incorporated herein by reference in 
their entirety. 

FIELD 

The present invention relates to a motor control device, and 
more particularly to a motor control device having a function 
of estimating the life of a main-circuit capacitor that forms 
and stabilizes a bus Voltage of a Switching circuit. 

BACKGROUND 

In a Switching circuit that is a main element of an inverter 
unit in a motor control device, a Switching element, arranged 
between opposite-polarity DC busbars, performs switching 
of abus Voltage to generate driving power to a motor. The bus 
Voltage of this Switching circuit is a DC voltage that is stabi 
lized by a Smoothing capacitor by removing a ripple compo 
nent from a DC voltage obtained by rectifying an input AC 
Voltage by a converter circuit. The Smoothing capacitor that 
forms and stabilizes a bus Voltage of the Switching circuit as 
described above is referred to as “main-circuit capacitor. 

In a motor control device, a ripple current caused by a 
ripple component included in an output current from a con 
verter circuit flows to a smoothing capacitor. A ripple current 
caused by a ripple component included in regenerative power 
that is output from a switching circuit to DC busbars at the 
time of a regenerative operation of a motor driven by an 
inverter unit also flows to this Smoothing capacitor. 
When a ripple current flows, the smoothing capacitor that 

is constituted by an electrolytic capacitor generates heat. Due 
to thermal stress associated with a temperature increase in an 
aluminum electrolytic capacitor used as the Smoothing 
capacitor, the life of the aluminum electrolytic capacitor is 
shortened according to the Arrhenius law. 

However, in a motor control device including a Switching 
circuit that switches ON/OFF a switching element to generate 
driving AC power to a motor, because of the structural reasons 
of the motor control device, it is difficult to arrange a current 
sensor that detects a ripple current that flows to a smoothing 
capacitor. Therefore, in a conventional motor control device, 
a method of diagnosing shortening of the life of a smoothing 
capacitor without using a ripple current has been adopted. 
Three specific examples are described below. 

First conventional example: A method has been known, in 
which upon Switching OFF a main power Supply of a motor 
control device, a constant current I flows for a given period At 
to measure a Voltage drop AV in a smoothing capacitor during 
the given period At, and then a residual capacitance C of the 
Smoothing capacitor is calculated using the equation “C-(Ix 
At)/AV”, and is compared with an allowable value of the 
capacitor capacitance, thereby diagnosing shortening of the 
life offline. In this first conventional example, the residual 
capacitance of the Smoothing capacitor can be calculated with 
high accuracy without calculating the amount of thermal 
StreSS. 

Second conventional example: A technique has been pro 
posed in Patent Literature 1, in which there are provided a unit 
that detects the temperature of a smoothing capacitor, a unit 
that calculates an amount of thermal stress in the Smoothing 
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2 
capacitor by using a coefficient normalized by a carrier fre 
quency and a coefficient normalized by an output Voltage 
command, and a unit that accumulates the amount of thermal 
stress during an operating time of a motor control device, in 
which output power to a motor is calculated from the Voltage 
command, and the amount of thermal stress in the Smoothing 
capacitor is calculated from the output power, thereby com 
puting the accumulatedlife of the Smoothing capacitor. In this 
second conventional example, by accumulating the amount of 
thermal stress in the Smoothing capacitor, shortening of the 
life of the Smoothing capacitor can be predicted online. 

Third conventional example: A technique has been pro 
posed in Patent Literature 2, in which based on a prediction 
result of shortening of the life of a Smoothing capacitor, at the 
point in time when the Smoothing capacitor is predicted to 
have reached the end of its life, output power from a motor 
control device is reduced or is shut-off. The motor control 
device disclosed in Patent Literature 2 has a configuration of 
determining whether the Smoothing capacitor has reached the 
end of its life. Therefore, the smoothing capacitor is pre 
vented from overheating, and thus from being broken. An 
unstable motor control caused by an increase in the amplitude 
of a ripple Voltage associated with a decrease in the capacitor 
capacitance can be prevented. Further, a Switching element is 
prevented from being applied with an overvoltage, and thus 
from being broken. Accordingly, the motor control device can 
take advantage of the endurance of the device as much as 
possible. 

CITATION LIST 

Patent Literatures 

Patent Literature 1:Japanese Patent Application Laid-open 
No. 2007-049837 

Patent Literature 2: Japanese Patent Application Laid-open 
No. 2004-120969 

SUMMARY 

Technical Problem 

However, in the motor control device that detects shorten 
ing of the life of the smoothing capacitor offline, when the 
motor control device continues to operate for a long time, the 
Smoothing capacitor may reach the end of its life without 
detecting its residual capacitance. Therefore, each time main 
tenance is performed, the main power Supply of the motor 
control device needs to be switched ON/OFF. Therefore, 
there is a problem of inefficient maintenance. 

In the motor control device that calculates the amount of 
thermal stress in the Smoothing capacitor from the tempera 
ture of the Smoothing capacitor and a Voltage command, and 
that computes the accumulated amount of thermal stress, a 
ripple component is included in an output current from a 
converter circuit that rectifies AC power, input from a system 
power Supply through an inserted system impedance, by 
using diode bridges. This ripple component largely depends 
on the system impedance. Therefore, there is a problem in that 
it is difficult to accurately calculate the amount of thermal 
stress in the Smoothing capacitor, and a desired accuracy in 
life-estimation cannot be obtained. 

Further, in the motor control device that automatically 
reduces or shuts-off the output to the motor when the smooth 
ing capacitor is determined to have reached the end of its life, 
a life extending procedure cannot be performed unless an 
operator checks a display and an alarm in the motor control 
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device to confirm a life determination result. That is, when the 
operator omits the display and the alarm, the life extending 
procedure is not performed, and the motor control device 
shuts-off the output based on the life determination. There 
fore, there is a problem in that a desired lifetime cannot be 
satisfied. 
The present invention has been achieved to solve the above 

problems, and an object of the present invention is to provide 
a motor control device that can estimate shortening of the life 
of a main-circuit capacitor online with high accuracy without 
detecting a ripple current that flows into the main-circuit 
capacitor. 

Solution to Problem 

The present invention is directed to a motor control device 
that achieves the object. The motor control device includes a 
converter circuit that converts AC power of a system power 
Supply, which is input through an inserted System impedance, 
to DC power via full-wave rectification and that outputs the 
DC power between positive and negative DC busbars, a main 
circuit capacitor that removes a ripple component included in 
a bus voltage between the positive and negative DC busbars to 
Smooth and stabilize the bus Voltage, an inverter unit that 
performs switching of the bus voltage, formed and stabilized 
by the main-circuit capacitor, according to a control signal to 
convert the bus Voltage to an AC Voltage and to generate AC 
power for driving a motor, and an inverter control unit that 
generates the control signal that controls a Switching opera 
tion of the inverter unit, based on a detected output current to 
the motor, a set operating-speed command, and a set carrier 
frequency. The motor control device further includes a volt 
age detection unit that detects a DC voltage applied to the 
main-circuit capacitor, the inverter control unit that computes 
output power to the motor based on the DC voltage detected 
by the voltage detection unit, the detected output current to 
the motor, and the set carrier frequency; a system-impedance 
setting unit that sets the inserted system impedance; a first 
storage unit that stores therein ripple-current calculation data; 
a capacitor ripple-current estimation unit that estimates a 
ripple current through the main-circuit capacitor, based on the 
system impedance set in the system-impedance setting unit, 
the output power calculated by the inverter control unit, the 
set carrier frequency, and the ripple-current calculation data 
prepared in advance in the first storage unit; an ambient 
temperature sensor that detects an ambient temperature of the 
main-circuit capacitor, a second storage unit that stores 
therein capacitor life data; a capacitor life estimation unit that 
estimates an internal temperature of the main-circuit capaci 
tor based on the DC voltage detected by the voltage detection 
unit, the ambient temperature of the main-circuit capacitor 
detected by the ambient temperature sensor, and the capacitor 
life data prepared in advance in the second storage unit, 
estimates a lifetime of the main-circuit capacitor by using the 
estimated internal temperature, calculates an accumulated 
capacitor lifetime and a capacitor life consumption ratio by 
using the estimated internal temperature and lifetime, and 
stores, repeatedly for every life computation cycle, the accu 
mulated capacitor lifetime and the capacitor life consumption 
ratio in the second storage unit; a capacitor life determination 
unit that compares the accumulated capacitor lifetime esti 
mated by the capacitor life estimation unit with a reference 
lifetime stored in the second storage unit as capacitor life 
data, and that generates a pre-alarm when the accumulated 
capacitor lifetime and the reference lifetime are substantially 
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4 
equal to each other, and a display unit that displays at least the 
pre-alarm generated by the capacitor life determination unit. 

Advantageous Effects of Invention 

According to the present invention, based on a system 
impedance and output power to a motor, a ripple current that 
flows to a main-circuit capacitor can be estimated without 
detecting the ripple current in the main-circuit capacitor. 
Therefore, ripple-current estimation and life estimation com 
putation for the main-circuit capacitor can always be 
executed online. At that time, because data of the system 
impedance which largely affects the ripple-current estimation 
for the main-circuit capacitor is used, the capacitor ripple 
current can be estimated according to the magnitude of the 
system impedance. This enables highly-accurate life estima 
tion computation of the main-circuit capacitor. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing a configuration of a 
motor control device according to a first embodiment of the 
present invention. 

FIG. 2 shows an example of life characteristics of an alu 
minum electrolyte capacitor used as a main-circuit capacitor. 

FIG. 3 is a block diagram showing a configuration of a 
motor control device according to a second embodiment of 
the present invention. 

DESCRIPTION OF EMBODIMENTS 

Exemplary embodiments of a motor control device accord 
ing to the present invention will be explained below in detail 
with reference to the accompanying drawings. The present 
invention is not limited to the embodiments. 

First Embodiment 

FIG. 1 is a block diagram showing a configuration of a 
motor control device according to a first embodiment of the 
present invention. In FIG. 1, a configuration of estimating the 
life of a main-circuit capacitor is shown while utilizing a part 
of a general configuration of a motor control device. 

First, the general configuration of the motor control device 
is briefly explained below. 

In FIG. 1, a converter circuit 1 is a three-phase full-wave 
rectifying circuit that is configured by diode bridges. An AC 
input end of the converter circuit 1 is connected to a system 
power Supply 3 through an inserted System impedance (a 
reactor) 2. A DC output end of the converter circuit 1 is 
connected to a positive busbar Panda negative busbar N. That 
is, the converter circuit 1 performs three-phase full-wave 
rectification on a three-phase AC voltage of the system power 
Supply 3, which is input through the inserted system imped 
ance 2, to convert the three-phase AC Voltage to a DC voltage 
that includes a ripple component, and to output the DC volt 
age to between the positive busbar P and the negative busbar 
N. 
A Smoothing capacitor 4 and a Switching circuit 5 are 

arranged in parallel between the positive busbar P and the 
negative busbar N. The Smoothing capacitor 4 removes the 
ripple component included in the DC voltage rectified and 
output between the positive busbar P and the negative busbar 
N by the converter circuit 1, in order to form a stable bus 
Voltage. Hereinafter, the Smoothing capacitor 4 is referred to 
as “main-circuit capacitor 4. 
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The Switching circuit 5 has a configuration in which a 
series circuit of Switching elements Q1 and Q2, a series 
circuit of Switching elements Q3 and Q4, and a series circuit 
of switching elements Q5 and Q6 are arranged in parallel 
between the positive busbar P and the negative busbar N. 
Diodes D1 to D6 are connected respectively to the switching 
elements Q1 to Q6 in inverse-parallel. 
A control terminal of each of the switching elements Q1 to 

Q6 is connected to an output end of a drive circuit 6. The drive 
circuit 6 individually ON/OFF-drives the switching elements 
Q1 to Q6 according to a switching pulse (a PWM signal) from 
an inverter control unit 7a. The switching circuit 5 and the 
drive circuit 6 in their entirety is a so-called inverter unit. In 
the respective series circuits, a connection end between the 
Switching elements Q1 and Q2, a connection end between the 
Switching elements Q3 and Q4, and a connection end between 
the switching elements Q5 and Q6 serve as output ends. A 
power-supply cable leading to a motor 9 is connected to each 
of the output ends. A current sensor 10 is provided on the 
power-supply cable leading to the motor 9. 
A current computation unit 11 computes an output current 

Ibased on a current detected by the current sensor 10. The 
inverter control unit 7a generates a switching pulse (a PWM 
signal) 8 to the drive circuit 6 based on the output current I 
computed by the current computation unit 11, an operating 
speed command () set in an operating-speed setting unit 12, 
and a carrierfrequency f. that is a Switching frequency of the 
Switching circuit 5 and is set in a carrier-frequency setting 
circuit 13. 
A Voltage detection unit 14, a system-impedance setting 

unit 15, a capacitor ripple-current estimation unit 16, a ripple 
current calculation-data storage unit 17, an ambient tempera 
ture sensor 18, a capacitor life estimation unit 19a, a capacitor 
life data storage unit 20, a capacitor life determination unit 
21a, and a display unit 22 are added to the general configu 
ration described above, and the inverter control unit 7a has 
few more additional functions so as to estimate the life of the 
main-circuit capacitor 4 online. 
A ripple current, caused by a ripple component included in 

an output current from the converter circuit 1, flows to the 
main-circuit capacitor 4. A ripple current, caused by a ripple 
component included in regenerative power, which is output 
from the switching circuit 5 to the DC busbars (PandN) at the 
time of a regenerative operation of the motor 9, flows to the 
main-circuit capacitor 4. The main-circuit capacitor 4 gener 
ates heat due to these ripple currents. 

Heat generation in the main-circuit capacitor4 is expressed 
by the following equation (1), where a capacitor internal 
temperature is denoted as TX. 

In the equation (1), Ta denotes the ambient temperature of the 
main-circuit capacitor 4. ATX denotes a temperature increase 
from the ambient temperature. I denotes a ripple current that 
flows to the main-circuit capacitor 4. Rdenotes an equivalent 
series resistance of the main-circuit capacitor 4.B denotes a 
heat release coefficient of the main-circuit capacitor 4. 

Thermal stress, associated with a temperature increase in 
an aluminum electrolytic capacitor used as the main-circuit 
capacitor 4, shortens the life of the aluminum electrolytic 
capacitor according to the Arrhenius law. A lifetime L of the 
aluminum electrolytic capacitoris expressed by the following 
equation (2). 

L=Lox2 {(To-Tx)/10}lx(Vo/V)* (2) 
In the equation (2), Lo denotes a reference lifetime of the 

main-circuit capacitor 4 under application of a rated Voltage 
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6 
and application of a rated ripple Voltage at an upper-limit 
operating temperature. To denotes an allowable internal tem 
perature of the main-circuit capacitor 4. Vo denotes a rated 
voltage of the main-circuit capacitor 4. Vx denotes a DC 
Voltage applied to the main-circuit capacitor 4 when used. An 
exponent K denotes an applied Voltage reduction rate of the 
main-circuit capacitor 4. 
The relationship between the internal temperature Tx and 

the lifetime L is as shown in FIG.2, for example. FIG.2 shows 
an example of life characteristics of an aluminum electrolyte 
capacitor used as a main-circuit capacitor. In FIG. 2, the 
vertical axis denotes the lifetime L, and the horizontal axis 
denotes the internal temperature Tx. As shown in FIG. 2, 
where the allowable internal temperature of the main-circuit 
capacitor 4 is denoted as To, and the reference lifetime is 
denoted as Lo, when the internal temperature TX increases as 
expressed by T-T-To the lifetime L becomes shorter as 
expressed by L>L>Lo along a life curve 23 that slopes 
downward to the right. 

In FIG. 1, the voltage detection unit 14 detects the DC 
Voltage VX applied to the main-circuit capacitor 4, and out 
puts the DC voltage Vx to the inverter control unit 7a and the 
capacitor life estimation unit 19a. 
The inverter control unit 7a computes output power P. 

to the motor 9 based on the operating-speed command () set 
in the operating-speed setting circuit 12, the output current 
I computed by the current computation unit 11, and the 
DC voltage VX that is applied to the main-circuit capacitor 4. 
and is detected by the voltage detection unit 14. The inverter 
control unit 7a then outputs the output power P to the 
capacitor ripple-current estimation unit 16. 
The capacitor ripple-current estimation unit 16 uses the 

output power P obtained by the inverter control unit 7a, 
the carrier frequency fs, set in the carrier-frequency setting 
circuit 13, an impedance coefficient Zs of the system imped 
ance 2, which is set in the system-impedance setting unit 15, 
and coefficients k and k stored in the ripple-current calcu 
lation-data storage unit 17 in the following equation (3) to 
estimate the ripple current I that flows to the main-circuit 
capacitor 4, and to output the ripple current I to the capacitor 
life estimation unit 19a. 

The coefficient k denotes a carrier ripple-current correc 
tion coefficient. The coefficient k denotes a system ripple 
current correction coefficient. 
The capacitor life estimation unit 19a first uses the ambient 

temperature Ta of the main-circuit capacitor 4, which is mea 
sured by the ambient temperature sensor 18, the DC voltage 
VX applied to the main-circuit capacitor 4 and measured by 
the Voltage detection unit 14, the ripple current I estimated 
by the capacitor ripple-current estimation unit 16, and life 
calculation data 24 stored in the capacitor life data storage 
unit 20, in the above equation (1) to calculate the internal 
temperature TX of the main-circuit capacitor 4. 
The relationship between the internal temperature Tx and 

the lifetime L of the main-circuit capacitor 4 is defined by the 
equation (2). Therefore, the capacitor life estimation unit 19a 
uses the calculated internal temperature Tx, the life calcula 
tion data 24 stored in the capacitor life data storage unit 20, 
the equation (2), and an equation (4) to be described later and 
defines an accumulated capacitor lifetime L, in order to 
calculate a capacitor life consumption ratio L/Lo. Lo denotes 
a reference lifetime. 
The accumulated capacitor lifetime Ly and the capacitor 

life consumption ratio L/Lo that are calculated by the capaci 
tor life estimation unit 19a are stored in the capacitor life data 
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storage unit 20, and are also output to the capacitor life 
determination unit 21a and the display unit 22. 

That is, as the life calculation data 24, the equivalent series 
resistance R of the main-circuit capacitor 4, the heat release 
coefficient B, the rated Voltage Vo, the applied Voltage reduc 
tion rate k, the allowable internal temperature To the refer 
ence lifetime Lo, previous accumulated life data L., and the 
like are stored in the capacitor life data storage unit 20. 
The equation (4) that defines the accumulated capacitor 

lifetime L is explained below. 

Ly-Ly+(Aixk)/3600 (4) 

In the equation (4). At denotes a life shortening computation 
cycle second. k denotes a life coefficient that is obtained by 
the following equation (5). 

The capacitor life determination unit 21a compares the 
accumulated capacitor lifetime Ly in the capacitor life con 
Sumption ratio L/Lo estimated by the capacitor life estima 
tion unit 19a with the reference lifetime Lo in the life calcu 
lation data 24 stored in the capacitor life data storage unit 20. 

LNeLo 

When the above relationship holds, the capacitor life deter 
mination unit 21a generates and displays a pre-alarm 25 on 
the display unit 22. 

Therefore, the display unit 22 can display the lifetime L of 
the main-circuit capacitor 4, the life consumption ratio L/Lo, 
and the pre-alarm 25 online. 
As described above, according to the first embodiment, 

based on a system impedance and output power to a motor, a 
ripple current that flows to a main-circuit capacitor can be 
estimated without detecting the ripple current that flows in the 
main-circuit capacitor. Therefore, ripple-current estimation 
and life estimation computation for the main-circuit capacitor 
can always be executed online. 

Because data of a system impedance which largely affects 
the ripple-current estimation for the main-circuit capacitor is 
used, the capacitor ripple current can be estimated according 
to the magnitude of the system impedance. This enables 
highly-accurate life estimation computation of the main-cir 
cuit capacitor. 

Second Embodiment 

FIG. 3 is a block diagram showing a configuration of a 
motor control device according to a second embodiment of 
the present invention. In FIG. 3, constituent elements identi 
cal or equivalent to those shown in FIG. 1 (the first embodi 
ment) are denoted by like reference signs. Parts related to the 
second embodiment are mainly explained below. 
As shown in FIG.3, in the motor control device according 

to the second embodiment, an expected life setting unit 26 
and an operating-time accumulation unit 27 are added to the 
configuration shown in FIG. 1 (the first embodiment), and an 
inverter control unit 7b, a capacitor life estimation unit 19b, 
and a capacitor life determination unit 21b are provided, 
which are respectively denoted by different reference sings 
from their corresponding units in the first embodiment. 
The capacitor life estimation circuit 19buses the following 

equation (6) to calculate and output a remaining lifetime L of 
the main-circuit capacitor 4 to the capacitor life determina 
tion unit 21b. 
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8 
The expected life setting unit 26 outputs a set expected 

lifetime L. of the main-circuit capacitor 4 to the capacitor life 
determination unit 21b. The operating-time accumulation 
unit 27 accumulates and outputs an operating time T of the 
motor control device to the capacitor life determination unit 
21b. 
The capacitor life determination unit 21b compares a dif 

ference between the expected lifetime L. and the operating 
time T, of the motor control device with the remaining life 
time L of the main-circuit capacitor 4. 

LRs E-T. 

When the above relationship holds, the capacitor life deter 
mination unit 21b determines that the expected lifetime L of 
the main-circuit capacitor 4 set in the expected life setting unit 
26 cannot be satisfied, and outputs a power reduction com 
mand 28 to the inverter control unit 7b. 
Upon receiving the power reduction command 28 from the 

capacitor life determination unit 21b, the inverter control unit 
7b outputs the switching pulse 8 to the drive circuit 6 so as to 
reduce output power from the motor control device, that is, 
output power to the motor 9. This restricts the upper limit 
value of output power from the motor control device, and 
therefore can Suppress a temperature increase in the main 
circuit capacitor 4, thereby satisfying the expected lifetime 
Lofthe main-circuit capacitor 4, which is set in the expected 
life setting unit 26. 
As described above, according to the second embodiment, 

in a case where the ambient temperature of the motor control 
device is so high that the life of the main-circuit capacitor 4 
cannot satisfy its expected lifetime, even when a maintenance 
operator does not check a capacitor life consumption ratio or 
a pre-alarm displayed on a display unit, and therefore does not 
perform a life extending procedure, the main-circuit capacitor 
can satisfy a desired expected lifetime, althoughoutput power 
from the motor control device is restricted to some extent. 

INDUSTRIAL APPLICABILITY 

As described above, the motor control device according to 
the present invention is useful as a motor control device that 
can estimate the life of a main-circuit capacitor online with 
high accuracy without detecting a ripple current that flows to 
the main-circuit capacitor. 

REFERENCE SIGNS LIST 

1 converter circuit 
2 system impedance 
3 system power Supply 
4 Smoothing capacitor (main-circuit capacitor) 
5 switching circuit 
6 drive circuit 
7a, 7b inverter control unit 
9 motor 
10 current sensor 
11 current computation unit 
12 operating-speed setting unit 
13 carrier-frequency setting unit 
14 Voltage detection unit 
15 system-impedance setting unit 
16 capacitor ripple-current estimation unit 
17 ripple-current calculation-data storage unit 
18 ambient temperature sensor 
19a, 19b capacitor life estimation unit 
20 capacitor life data storage unit 
21a, 21b capacitor life determination unit 
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22 display unit 
26 expected life setting unit 
27 operating-time accumulation unit 
The invention claimed is: 
1. A motor control device including: 
a converter circuit that converts AC power of a system 
power supply, which is input through an inserted system 
impedance, to DC power via full-wave rectification and 
that outputs the DC power between positive and negative 
DC busbars: 

a main-circuit capacitor that removes a ripple component 
included in a bus Voltage between the positive and nega 
tive DC busbars to smooth and stabilize the bus voltage; 

an inverter unit that performs switching of the bus voltage, 
formed and stabilized by the main-circuit capacitor, 
according to a control signal to convert the bus voltage to 
an AC Voltage and to generate AC power for driving a 
motor, 

a voltage detection unit that detects a DC voltage applied to 
the main-circuit capacitor; 

an inverter control unit that that generates the control signal 
that controls a Switching operation of the inverter unit, 
and computes an output power to the motor based on the 
detected DC voltage, a detected output current to the 
motor, and a set carrier frequency: 

a system-impedance setting unit that sets the inserted sys 
tem impedance as an impedance parameter; 

a first storage unit that stores, in advance, ripple-current 
calculation data; 

a capacitor ripple-current estimation unit that estimates a 
ripple current through the main-circuit capacitor, based 
on the inserted system impedance set as the impedance 
parameter, the output power calculated by the inverter 
control unit, the set carrier frequency, and the stored 
ripple-current calculation data; 

an ambient temperature sensor that detects an ambient 
temperature of the main-circuit capacitor; 

a second storage unit that stores, inadvance, a capacitor life 
data; 

a capacitor life estimation unit that estimates an internal 
temperature of the main-circuit capacitor based on the 
detected DC voltage, the detected ambient temperature 
of the main-circuit capacitor, the stored capacitor life 
data, and the estimated ripple current, estimates a life 
time of the main-circuit capacitor by using the estimated 
internal temperature, calculates an accumulated capaci 
tor lifetime and a capacitor life consumption ratio by 
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using the estimated internal temperature and the esti 
mated lifetime, and stores, repeatedly for every lifetime 
computation cycle, the accumulated capacitor lifetime 
and the capacitor life consumption ratio in the second 
storage unit; 

a capacitor life determination unit that compares the cal 
culated accumulated capacitor lifetime with a reference 
lifetime stored in the second storage unit as the capacitor 
life data, and generates a pre-alarm when the accumu 
lated capacitor lifetime and the reference lifetime are 
substantially equal to each other; and 

a display unit that displays the generated pre-alarm. 
2. The motor control device according to claim 1, further 

comprising: 
an expected life setting unit that sets an expected lifetime of 

the main-circuit capacitor, and 
an operating-time accumulation unit that accumulates an 

operating time of the motor control device: 
wherein the capacitor life estimation unit estimates a 

remaining lifetime of the main-circuit capacitor by using 
the estimated internal temperature, 

the capacitor life determination unit obtains a difference 
between the expected lifetime of the main-circuit 
capacitor and the accumulated operating time of the 
motor control device, compares the obtained difference 
with the estimated remaining lifetime of the main-circuit 
capacitor, and outputs a power reduction command upon 
determining that the expected lifetime of the main-cir 
cuit capacitor cannot satisfy the estimated remaining 
lifetime, and 

the inverter control unit changes the control signal output 
to the inverter unit to a control signal that decreases the 
output power to the motor, when the power reduction 
command is output from the capacitor life determination 
unit. 

3. The motor control device according to claim 1, wherein 
the first storage unit stores ripple-current coefficients related 
to the ripple current, and 

the capacitor ripple-current estimation unit estimates the 
ripple current based on the ripple-current coefficients. 

4. The motor control device according to claim 1, wherein 
the capacitor life estimation unit uses the accumulated 
capacitor lifetime, which has been calculated in a previous 
lifetime computation cycle and stored in the second storage 
unit, in a calculation of the accumulated capacitor lifetime 
being performed in a current lifetime computation cycle. 


